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Abstract 

Motivated by the new experimental information reported by the BNL-E787 Collabora¬ 
tion, we analyse the present impact and the future prospects opened by the measurement 
of B(K + —> 7r + z/p). Although still affected by a large error, the BNL-E787 result favours 
values of B(K + —>■ n+vv) substantially larger than what expected within the Standard 
Model. As a result, this data already provide non-trivial constraints on the unitarity 
triangle, when interpreted within the Standard Model framework. We stress the impor¬ 
tance of the clean relation between B(K + — > ti + tzD), sin 2/3 and AM Bd /AM Ba that in 
the next few years could provide one of the deepest probes of the Standard Model in the 
sector of quark-flavour dynamics. A speculative discussion about possible non-standard 
interpretations of a large B(K + — > n + vu) is also presented. Two main scenarios naturally 
emerge: those with direct new-physics contributions to the s dvu amplitude and those 
with direct new-physics effects only in mixing. Realistic models originating these 

two scenarios and possible future strategies to clearly identify them are briefly discussed. 
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1 Introduction 


Flavour-changing neutral-current (FCNC) processes provide a powerful tool to investigate 
the flavour structure of the Standard Model and its possible extensions. Among them, 
K —» nvi) decays are certainly a privileged observatory because of their freedom from 
long-distance uncertainties. 

An important step forward in the difficult challenge to measure the K + —> ti + vu rate 
has recently been reported by the BNL-E787 Collaboration [jp. The combined analysis of 
BNL-E787 data, including previous published results J2|, can be summarized as follows: 

B(K + - n+isP) = (l.57 1 lil) x 10- 10 [2] . (1) 

The theoretical estimate of B(K + —> 7i + isv) within the Standard Model (SM), as ob¬ 
tained by combining the analysis of Ref. || with an updated Gaussian fit of the Cabibbo- 
Kobayashi-Maskawa (CKM) matrix [Q (discussed below), reads 

B(K+ -> 7r + uu) SM = (0.72 ± 0.21) x KT 10 . (2) 

Although still compatible within the errors, the difference between the central values in 
Eqs. (0) and (Q) opens interesting perspectives. 

The purpose of this letter is twofold. On the one side, we analyse the impact of 
Eq. ( 0 ) within the SM framework: as we shall show, despite the large error this result 
already has a non-negligible statistical impact in CKM fits. We also discuss a possible 
future strategy to take advantage of the theoretically clean nature of B(K + —> 7r + zzi>), 
sin 2/3 and AMB d /AM b s - These three observables, whose experimental determination 
will substantially improve in the near future, can be combined to make one of the most 
significant tests of the Standard Model in the sector of quark-flavour dynamics. 

On the other side, we shall discuss possible new-physics scenarios that could accom¬ 
modate a large value of B(K + —> 7r + vv), assuming that in the future the error in Eq. (|Ij) 
will decrease, without a substantial reduction of the central value. Interestingly, these 
scenarios do not necessarily require direct new-physics effects in the s —» duu amplitude: 
a B(K + —> 7r + zzi/) almost twice as big as in Eq. (§) could also arise with direct new-physics 
effects only in the B^-Bd mixing amplitude. 


2 B(K + —> n + isis) within the SM 


Short-distance contributions to the s —> dvv amplitude are efficiently described, within 
the SM, by the following effective Hamiltonian |J 


'B-ef f 


G f 
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a/2 27t sin 2 O 


w i=, 


y KX l NL + X t X(x t ) ( sd)v-A(yiVi)v-A 


e,/x,r 


( 3 ) 


where x t = X q = V* s V q d and 14,' denote CKM matrix elements. The coefficients 

X l NL and X(x t ), encoding top- and charm-quark loop contributions, are known at the NLO 
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accuracy in QCD || |6J and can be found explicitly in The theoretical uncertainty 
in the dominant top contribution is very small and it is essentially determined by the 
experimental error on m*. Fixing the MS top-quark mass to = (166 ± 5) GeV we 

can write 


X{x t ) 


1.51 


m t (m t ) 
166 GeV 


1.15 


1.51 ±0.05 . 


(4) 


The largest theoretical uncertainty in estimating B(K + —> 7r + z/p) originates from the 
charm sector. Following the analysis of Ref. [B|, the perturbative charm contribution is 
conveniently described in terms of the parameter 


Po(X) 


1 

V 


V + V ' 

g^lVL w 2 a jvl 


0.42 ±0.06 . 


(5) 


where A = \V US \ is the expansion parameter in Wolfenstein’s parameterization of the CKM 
matrix [7]. The numerical error in the r.li.s. of Eq. (|S|) is obtained from a conservative 
estimate of NNLO corrections 0. Recently also non-perturbative effects introduced by 
the integration over charmed degrees of freedom have been discussed [|| . Despite a precise 
estimate of these contributions is not possible at present (due to unknown hadronic matrix- 
elements), these can be considered as included in the uncertainty quoted in Eq. ®)E 
Finally, we recall that genuine long-distance effects associated to light-quark loops are 
well below the uncertainties from the charm sector |J. 

With these definitions the branching fraction of K + —> n + vv can be written as 


B(K+ - n + uu) = [(ImA t ) 2 X 2 (a; t ) ± (A 4 ReA c P 0 (X) ± ReA t A> t )) : 


where 


k + = r K +- 


3 a 2 B(K + —*■ 7r°e + z/) 


= 7.50 x 10 
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( 6 ) 


(7) 


27r 2 sin 4 @yp 

and r^+ = 0.901 takes into account the isospin breaking corrections necessary to extract 


the matrix element of the ( sd)y current from B(K + 
improved Wolfenstein decomposition of the CKM matrix 
p-fj an ellipse with small eccentricity, namely 


7 rev 


) H- Employing the 


, Eq. 


( ar l) 2 + (P~ Po ) 2 = 


aB(K+ 




R + \V cb \±X\x t ) 


describes in the 


( 8 ) 


where 


Po = 1 ± 


A 4 P 0 (^) 


and 


cr = 1 - 


A 2 


-2 


(9) 


\Vc b pX(x t ) 

The ellipse eventually becomes a doughnut once the uncertainties on the parameters 
determining po and on the r.h.s. of (^j) are taken into account. 

1 The natural order of magnitude of these non-perturbative corrections, relative to the perturbative 
charm contribution is m 2 K /(m1 ln(m;?/M(y)) ~ 2%. 
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Table 1: Input values used in CKM fits 


Experimental data 

A = 0.220 ±0.002 | V cb \ = 0.041 ±0.002 |Kb/Kb| = 0.085 ± 0.018 

A M Bd = 0.487 ± 0.009 ps” 1 A M Ba > 15 ps" 1 sin(2/3) = 0.79 ± 0.10 

Theoretical inputs 

F Bd yfth d = 230 ± 40 GeV £ = (F Ba /F Bd )yjB Bs /B B d ^M Ba /M Bd = 1.15 ± 0.06 
B k = 0.8 ± 0.2 P c {e) = 0.30 ± 0.05 P 0 (X) = 0.42 ± 0.06 


Stringent bounds about the values of p and rj within the SM can be obtained, at 
present, imposing constraints from \V u b\, AM^, AM Bd /AM Ba , ex and sin(2/3) [[12j . In 
Fig. 0 we show the result of a simple Gaussian fit to these quantities, using the input 
values in Tab. [l]: all errors have been combined in quadrature, whereas the 95% upper 
limit on A Mb s has been treated as an absolute bound. Up to minor differences [mainly 
due to the value of Bk and the use of sin(2/3)], the result of this fit are in good agreement 
with more refined analyses available in the literature 
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The statistical distribution of 
p and fj thus obtained has been used to produce the result in Eq. (|J). Note that, by 
construction, the error in Eq. (i2J) does not define a strict interval: it should be interpreted 
as the standard deviation of a Gaussian distribution. 

The impact of the present experimental information on B(K + —» i t + uu) in the p-fj 
plane is analysed in Figs. |l| and [2. Due to the large central value and the non-Gaussian 
distribution^] the BNL-E787 measurement already provides a non-negligible statistical 
input. This is hardly visible in a global fit (Fig. |1|), but is more clear in Fig. |2|. where 
the 90% C.L. exclusion limit imposed by the lower bound on B(K + —> 7i + vv) is shown. 
Due to the large central value, the overall quality of the global fit decreases once the 
information on B(K + —> tt + uu) is added. However, this is not a significant effect at the 
moment and, as shown in Fig. [2j, the SM is still in good shape. 

The prediction in Eq. (|2|), based on a global CKM fit, suffers to some extent from 
hadronic uncertainties entering the determination of \V u b\ and the extraction of p-fj con¬ 
straints from ex and A M Bd - On the other hand, the vertex of the unitarity triangle can 
in principle be determined (up to discrete ambiguities) simply by using AM Bd /AM Bs and 
sin(2/3), two quantities with a very small theoretical uncertainty. By definition, 


p = 1 — R t cos f3 , rj — R, t sin fj , 


( 10 ) 


where Rj 


(1 — p) 2 + rj 2 . Expressing R t as a function of AM Bd /AM Bs 




we can 


2 The statistical distribution of B(K + —> 7 r + w) has been constructed by smooth modification of a 
Gaussian distribution, fitting the reference figures of 68%, 80%, 90% and 98% C.L. intervals obtained by 
BNL-E787 [Q. We are grateful to Steve Kettell for providing us the reference figures not reported in |l]. 
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Figure 1: Global fits in the p — fj plane: the two sets of ellipses denote 68% and 90% 
C.L. intervals obtained with (dotted) and without (full) the B(K + —> n + uu) constraint. 
The two dotted curves on the left define the 1-cr region obtained from Eq. (^]), setting 
B(K + —> ir+isv) to the central value in ([[]) and varying all other parameters; the dotted 
curve on the right denotes the full 1-cr lower bound imposed by the B(K + —> n + vv) 
measurement. The 1-cr intervals imposed by \V ub /V c h\ (full gray), ex (full gray), A M Bd 
(full gray), sin(2/3) (dashed), and AM Bd /AM Bs (full dark) are also shown. 


predict with great accuracy the value of B(K + —> n + vv) in terms of theoretically clean 
observables: 


B(K + —> n + vv) 


Rt 
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cos/3 + C>(A J 


( 11 ) 

( 12 ) 


In the next few years, when the experimental determination of AMbj/AM^, sin(2/9) and 
B(K + —> 7 T + uP) will substantially improve, this relation could provide one of the most 
significant tests of the Standard Model in the sector of quark-flavour dynamics. 

Unfortunately at the moment we cannot fully exploit the potential of Eqs. O-© 
in obtaining a precise prediction of B ( K + —> ir + vv) since A M Bs has not been measured 
yet. Following Ref. [J3J, the best we can do at present is to derive a solid upper bound. 
Saturating simultaneously the following upper limits 



< 0.180 , 


|U c6 | < 0.044 , sin(2/3) > 0.5 , 
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Figure 2: Allowed region in the p — fj plane using only theoretically clean observables: 
90% C.L. interval imposed by sin(2/3) (dashed); 90% C.L. limit from the upper bound on 
AM Bd /AM Bs (full); 90% C.L. limit from the lower bound on B(K + —■> 7 t + vv) (dotted). 
For comparison the 68% and 90% C.L. ellipses from the global fit in Fig. (Tj are also shown. 


f < 1.3 , P 0 (X) < 0.50 , X{x t ) < 1.57 , 

that should be regarded as a very conservative assumption, we obtain 

B(K + -> n + vP) SM < 1.32 x 10" 10 . 


(13) 

(14) 


By construction it is difficult to assign a probabilistic meaning to this result: it should be 
regarded as an absolute bound under the assumptions in (|13|). As a consistency check of 
this statement, we note that Eq. ([F3[) coincides with the 3<r upper limit derived from the 
global Gaussian fit. We can thus firmly conclude that the central value in Eq. © cannot 
be accommodated within the SM. 


3 New-physics scenarios with a large B(K + —> 7r + z jv) 

A stimulating coincidence implied by the experimental result in Eq. © is the fact that 
its central value is well in agreement with the constraints imposed by €k and \V u b\ (see 
Fig. 0). If in the future the error on B(K + — > Tr+vv) will decrease, without substantial 
changes in the central value, we shall have a conflict only between B(K + —> 7i + i'p) 
and observables sensitive to B^Bd mixing. In Fig. 0 we show the result of a p-fj fit 
without the inclusion of Bd~Bd data: in this case negative values of p are clearly more 
favoured. Remarkably, a similar qualitative indication is obtained also by the central 
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Figure 3: Allowed region in the p — fj plane with the inclusion of B(K + —> tt+vv) and 
without B d -B d data. The two external contours denotes 68% and 90% confidence in¬ 
tervals; the inner (dotted) one is the 68% confidence interval under the assumption that 
experimental error in (HD is reduced by a factor two. 


values of non-leptonic B —> Kti decays and, in particular, by the deviation of the ratio 
R n = B(B d —» n ± K Zf )/[2B(B d —> 7r°/i 0 )] from one (see Ref. Jl4|] and references therein). 
Also in the B —> Kn case the statistical significance of the effect is still quite limited, 
nonetheless there is certainly enough room for speculations about possible new-physics 
effects in B d -B d mixing. 

As emphasised in the previous section, and sin 2/3 on the one side and 

B(K + —> 7 \ + vP) on the other are affected by small theoretical uncertainties, thus the 
potential conflict between B(K + —> rr+vP) and A B = 2 amplitudes is mainly an ex¬ 
perimental issue: if in the future the discrepancy will become more significant it will 
unambiguously signal the presence of new physics. Moreover, since the FCNC s —> dvP 
transition and B d -B d mixing both appear only at the loop level within the SM, on gen¬ 
eral grounds both amplitudes can equally be considered as a good candidates for possible 
non-standard effects. In the following we shall analyse separately possible new-physics 
scenarios affecting one of these two amplitudes. 


Scenario I: non-standard contributions to the s —» dvu amplitude 

The first question to address about non-standard contributions to the observed transition 
Ii + —> 7r + + missing energy is whether the missing energy is due to a vP pair or not. 
Since the neutrino pair cannot be detected, all the information about the decay must be 
deduced by the spectrum of the charged pion and with only two candidate events this is 
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clearly rather poor. Nonetheless, some conclusions can already be drawn. In particular, 
we can exclude the possibility that these events are generated by a process of the type 
K + —> tt + X°, where A" 0 is a massless particle that escapes detection |], ||. On the other 
hand, since n + momenta of the two events are almost identical, we cannot exclude yet 
the possibility that these events are due to a two-body decay with a massive particle 
-sufficiently long lived or with invisible decay products- with mass ~ 100 MeV. This 
rather exotic scenario could easily be discarded in the near future by the observation of 
candidate events with a different kinematical configuration. 


A general discussions about K + —> 7i + vv beyond the SM can be found in | T5fl . If we 
assume purely left-handed neutrinos and we neglect possible lepton-flavour violations, the 
only dimension-six effective operator relevant to these processes is (sd)v(viVi)v-A (as in 
the SM case) and the measurement of B(K + —>■ 7r + vv) fix the magnitude of its Wilson 
coefficient. At present this is the only available information about this coefficient, thus 
there is little we can learn from a model-independent analysis. The only outcome of such 
type of analysis is an update of the upper bound on B(K L 
Eq. (JT|) reads 

t k l t k l 


r0,, v) fl5| 


7f VV) 


that in view of 


B(K l 


7 T°w') 


< 


TK+'f'K+ 


-B(K + -► 7T+Z/Z/) < 1.7 x 10" 9 (90% C.L.) 


(15) 


Among specific new physics models, low-energy supersymmetry is certainly one of 
the most interesting and well-motivated scenarios. Supersymmetric contributions to the 
s —> duu amplitude have been extensively discussed in the recent literature, both within 
models with minimal flavour violation 110 and within models with new sources of 

, |T|, m - As clearly stated in Ref. |[T7 


quark-flavour mixing 


minimal models, 


or 

models without new quark-flavour structures, cannot produce a sizeable enhancement of 
the K + —> 7 t + uu width and would be immediately ruled out by a large B(K + —> ti + uu). 

Also within models with new sources of quark-flavour mixing is not easy to produce 
sizeable modifications of the s —> dvv amplitude. Excluding fine-tuned scenarios with 
large cancellations in AS = 2 transitions, sizeable enhancements of K —> 7 tvv rates can 
only be generated by chargino-mediated diagrams with a large (non-standard) u^-u^ 
mixing [jTS| , 0 0- Moreover, in the limit of large squark masses (M^/M| -C 1) box 
diagrams are systematically suppressed over Z-penguin ones and can be safely neglected 
[0E3- In this approximation the modification to the SM Hamiltonian in (j3{) can be 
obtained by replacing X(x t ) with 


where 


201 


A d 

A ji 

A s 

A ik 
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jilk 


X' = X (x t ) 
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A jl A ik F jHk 

8X t X(x t ) 
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&lk k(%iki%jk) ZUnlIy 5[k -\J%ik%jkji^iki %jk) 

&ij Hkq L Hq L i . 


(16) 
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( 18 ) 
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Here gt = m t /( \/2M\y sin /?), V and U are the unitary matrices that diagonalize the 
chargino mass matrix [U*M X V' = diag(M Xl , M X2 )] and H is the one that diagonalizes the 
up-squark mass matrix (written in the basis where the d l L — u 3 L — Xn coupling is family 
diagonal and the d l L — u J R — \n one i s ruled by the CKM matrix). The explicit expressions 
of k(x,y ) and j(x,y ) can be found in jUj and, as usual, x l3 = Mf/M?. 

The expression ( |Ifi| ) can be further simplified employing a perturbative diagonalization 
of both squark and chargino mass matrices. In this case we can write 


X' 

X(x t ) 


1 + 


8X(ay) 


9t-^T—h( x ij> + /‘ft* tan/?) 

Vtd V ts 


td 


v,;v td 


where 


S u 




= 


Mi 


w 


(19) 


( 20 ) 


and 0(V-j) denotes terms not enhanced by V t 


-l 

ts 


or K it 


(M x ) 

which can be safely neglected. 
The explicit expressions of the adimensional functions / 1; 2 , depending on the various 
sparticlc mass ratios (and mildly on tan/?) can be extracted from Refs. |1|, [20|. For 
Mi r /Mu l > 1/2 and M Xj /Mu L > 1/3 one finds |/i| < 0.1 and |/ 2 | < 0.4 (the upper 
figures are obtained for the minimal value of Mf R ). In order to obtain X'/X(xt) ~ 1.4, as 
required by the central value in Eq. ([!]), the off-diagonal left-right mixing of the squarks 
should satisfy one of the two following conditions: 


ti u S u 

SLtRtRd-L 


11 . 


s u 

0 qLtR 


~ A -2 \V tq \ q = s or d . 


( 21 ) 


These requirements are not in contradiction with the phenomenological bounds on S I qi tR 
imposed by other observables |2T[] and are consistent with the constraints imposed by the 
stability of the superpotential |^2|. However, they necessarily require a rather non-trivial 


structure for the A terms. 

The possible supersymmetric enhancement of the Ii + —> n + vv rate necessarily implies 
0(1) modihcations in the short-distance Kj J y + y~ amplitude (sensitive to the real part 

of the Zsd coupling) and, likely, also 0(1) effects in e'/e and K L —> (sensitive to 

the imaginary part of the Zsd coupling). The correlations between these three observ¬ 
ables have been extensively discussed in Ref. m • Unfortunately, the present theoretical 
uncertainties in K L —* g + y~ and e'/e and the experimental difficulties in the K Ij —> 
case prevent us from drawing definite conclusions about the presence of such effects. Con¬ 
cerning K l —> g + y~ and e'/e, the situation could possibly improve in the future with the 
help of lattice simulations; however, we are clearly quite far from being able to detect a 
~ 50% deviation in the pure electroweak contribution to these amplitudes. 

A rather significant correlation can also be established between supersymmetric con¬ 
tributions to K + —> n + vv and rare FCNC semileptonic B decays. A general discussion 




























about supersymmetric effects in B —> X Sj d£ + £ decays, within the framework of the mass- 


insertion approximation, can be found in |23|: in the limit where only the 5^ t terms are 


substantially different than what expected in the minimal scenario, also in these transi¬ 
tions the main deviations from the SM can be encoded in an effective Zbq vertex [Q. The 
smallness of the vector coupling of the Z boson to charged leptons implies that, to a good 
accuracy, these effects modify only the Wilson coefficient of the axial-current operator 


Q 10 = ■ 

Employing the same notations as in Eqs. (0)-@ we can write 


( 22 ) 
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10 


r'SM 
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1 + 
1 + 


A< jl Ab ik F jUk 


8 sin 2 O w V t lV tq \Cf™\ 
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8 sin 2 Q w ICfo 1 ) 


9t 


^ /,(*«; tan ft) + d XjStlL f 2 ( XlJ ) + O(V)”) 


V, 


tq 


V,IV„ 


(23) 


where C™ ~ —4.2 JT3|. If at least one of the conditions ([2l|) is satisfied then at least 
in one of the two cases (b —> s or b —> d) the axial-current operator receives 0(1) non¬ 
standard contributions. Since X(x t ) /(sin 2 ©rvlCfo 1 |) ~ 1.5, on general grounds Cio is 
slightly more sensitive to modifications of the Z-penguin contribution with respect to X'. 
On the other hand, if S^ RSL and S^ RdL conspire to maximize the effect in Eq. (pO|), we can 
expect a smaller relative impact in Eq. (^). 

In the most optimistic case, i.e. in presence of a 100% increase of |Cio| in the b — > 
s transition, the effect could possibly be detected in a short time at 5-factories, by 
looking at exclusive B — *■ ( K , K*)£ + £~ decays. In particular, the lepton-forward backward 
asymmetry in B —> K*£ + £~ provides an excellent probe of magnitude and phase of Cio 
p4fl . On the other hand, to detect a modification of Cio that does not exceed the 30% 
level in magnitude, either in b —> s or in b —> d, it is necessary a detailed study of inclusive 
transitions or pure leptonic decays (B St d —> £ + £~). 

Finally, we note that a non-standard Zbq vertex leads to potentially observable effects 
also in inclusive and exclusive b —> svv transitions |2^| . In particular, Eq. ( |23| ) can trivially 
be extended to the b —> svu case with the replacement 0 x 0 ( 0 ^) —> C u l(C^), where C u l 
is the Wilson coefficient of the only dimension-six operator contributing to these processes 
within the SM |H|, namely ( bs)v-A(vv)v-A ■ 


Scenario II: non-standard contributions to Bd~Bd mixing 

Contrary to the s —> dvv case, the present information about B B mixing is already rich 
and precise. As a result, the scenario with new physics in B-B mixing turns out to be 
rather constrained also within a model-independent approach. 

The first conclusion that can easily be drawn is that this scenario is not flavour blind: 
we necessarily need to modify the SM relation between \Vtd/V ts \ and AMs d / AMb s in 
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Eq. (P~^) in order to allow a solution with negative p (see Fig. |3i). If new physics affects 
A M Bd and A M Bg in the same way, with a flavour-blind modification of the loop function, 
then the ratio |Vtd/bts| extracted from AM^/AMb s would be exactly the same as in the 
SM. Since the measurement of A M Bd alone favours positive values of p (within the SM) 
and AM Bg alone is insensitive to p, the most economical way to implement a non-standard 
scenario with p < 0 is to assume sizeable new-physics effects only in B d -B d mixing. 

In presence of new-physics in B d -B d mixing we can write, in full generality, 


M 


d 

12 


l 

2 M B d 




AB=2 

eff 



OC 



(24) 


where Z 2 is a complex quantity encoding the non-standard contribution, normalized to the 
SM one (except for the CKM factor). The new-physics contribution has been conveniently 
expressed in terms of the square of Z = Z\eV since, in most scenarios, contributions to 
A B = 2 amplitudes are proportional to the square of some A B = 1 effective coupling. 
Note, however, that 0 is not necessarily the phase of the new A B = 1 effective coupling: 
it incorporates also a possible ±7t/2 shift induced by a possible overall minus sign of 
the new contribution with respect to the SM one. Denoting by IAI the modulus of V td 
determined by A M Bd and AM Bd /AM Bg assuming only SM contributions and by — /3 0 its 
phase (V t ° d = \V t °d\ e ~^ 0 ) determined by Acp(B d —> K ), the non-standard contribution Z 
should satisfy the following equation 


\V td \ 2 e~ 2i0 + \Z\ 2 e 2i * = \V t ° d \ 2 e~ 2il30 , 


(25) 


where V td = \V td \e 10 denotes the true CKM factor. If we require a solution with p < 0 
and fj > 0, such that sin(20) < sin(2/3 0 ) and cos( 2 (3) > 0, we then obtain 


1 + 

Z 

Wd 


v td 


+ 2 


Vtd 


sin( 2 </> + 2(3) 


2 

cos (2 (j) + 2(3) 


V° 

v td 

Vtd 


< 1, 


A 

Vtd 


2 

sin(2/3 - 2(3 0 ) < 0 . 


(26) 

(27) 


Even without specifying the exact values of p and 77 , the solution of Eqs. m-m requires 
that (20 + 2(3) is in the third quadrant, or that Z has large imaginary part. Interestingly, 
this conclusion is independent of the discrete ambiguities arising in the determination of 
(3q from Acp(B d —> T/l). If we further impose that p and fj are within the inner ellipse 
in Fig. |3], it is easy to check that 0.7 < \Z/V td \ < 1.1 and |0| > 75°. From this general 
analysis we conclude that in all models where the non-standard A B = 2 amplitude is 
proportional to the square of an effective A B = 1 coupling, the latter can be real (i.e. 
does not imply new CP-violating phases) only if there is a relative minus sign between 
SM and non-standard A B = 2 amplitudes. 


Similarly to the s —> dvv case, low-energy supersymmetry is one of the most interesting 
and well-motivated scenarios to discuss specific predictions. Within the generic frame¬ 
work of the mass-insertion p5| there are several possibilities to implement the proper 
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contribution to Eq. (^|). For instance, assuming the dominance of gluino box diagrams, 
we can simply adjust the coupling S bLdL to produce the desired modification of B d -B d 
mixing. In particular, 0( 1) corrections are obtained for ~ 0( ICE 1 ). Interestingly, 

in this case SM and supersymmetric loop functions have the same sign |25|] (assuming 


Mq > Mg, as suggested by RGE constraints |26|) thus, according to the general argument 
discussed above, d must be almost purely imaginary. 

A more specific framework which justifies the existence of new flavour structures af¬ 
fecting mainly R-physics observables, rather than K decays or electric dipole moments, 
is the so-called effective supersymmetry scenario |27j]. Within this model all squarks are 
rather heavy, with masses of 0(10) TeV, with the exception of left-handed bottom and 
top squarks, whose masses are kept below 1 TeV. By this way supersymmetric contribu¬ 
tions to observables not involving the third family are naturally suppressed and, at the 
same time, the naturalness problem of the Higgs potential is cured by the light squarks of 
the third family. Integrating out the heavy squarks of the first two generations, the light 
sbottom mass eigenstate ( B ) can be written as B = Z iS Vijd\ where $ denote flavour 
eigenstates, V is the CKM matrix and Z are coefficients arising by the diagonalization 


of the 3x3 left-handed down-squark mass matrix j2H|. In practice, the coupling ( Z d sZl B ), 
where Z dB = Z^Vid, plays in this context the same role as 5® L d L in the generic framework 
of the mass insertion approximation. Indeed gluino-sbottom box diagrams lead to the 
following effective Hamiltonian |28| 


K 


AB=2 
eff—SUSY 


O' 


36M| 


bn,,dJ>Lr‘d,. 


(28) 


where[] /(x) = (11 + 8x — 19x 2 + 26x In x + 4x 2 lnx)/(l — x) 3 . Employing the reference 
figure x g B = M|/M| = 0.1, it is easy to check that 


W d 


i(f> 


Z dB Z* bB 1 TeV 


10 


-2 


M 


(29) 


B 


The coupling ZdBZf B can naturally be of 0(10 2 ) |28[], inducing the desired 0(1) cor¬ 
rection; however, similarly to b bl dL , also Z dB Zl B needs to be almost purely imaginary in 
order to produce the correct sign of the effect (i.e. a decrease of A M Bd ). We further note 
that a non-trivial flavour structure among the first two generations is necessary to ensure 
that Z qB Zf B is not proportional to V tq and thus the corrections to A M Bs and A M Bq are 
not correlated. 

Both within the generic mass-insertion framework and within the effective supersym¬ 
metry scenario it is not easy to point out clear correlations between non-standard con¬ 
tributions to B d -Bd mixing and those to other observables. On the other hand, a clear 
model-independent indication about this non-standard scenario could be obtained by a 
firm experimental evidence (independent from K + —> 7r + ^u) of p < 0. More precise 
results on non-leptonic B —> Kti decays would be extremely interesting in this respect 

M ■ 

3 Note that there is a missprint in the expression of f(x) reported in Ref. [p8| . 
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4 Conclusions 


In this letter we have analysed the present impact of the new experimental information on 
B(K + —> 7 t + uu) [H]. Despite an apparent large error, the non-Gaussian tail and the large 
central value let us to extract from the BNL-E787 result non-trivial constraints on the 
CKM unitarity triangle. As we have explicitly shown, the theoretically clean information 
from B(K + — > 7r + z/h), combined with AMe d / AMb s and sin2/3, already defines a rather 
narrow region in the p-fj plane. As emphasised, the precise relation linking these three 
observables will soon provide one of the most interesting consistency tests of the Standard 
Model in the sector of quark-flavour dynamics. 

Stimulated by the large central value of the BNL-E787 result, we have also pre¬ 
sented a speculative discussion about possible non-standard interpretations of a large 
B(K + —*■ 7i + vv). In general, these can be divided into two big categories: models with 
direct new-physics contributions to the s —* duu amplitude and models with direct new- 
physics effects only in By-Bd mixing. In the latter case a large B(K + —> tt + vu) arises 
because of a different CKM fit, which allows a solution with p < 0. Supersymmetry with 
non-minimal flavour structures provides a consistent framework to realize both possibili¬ 
ties and, in the case of sizeable non-standard contributions to By-Bd mixing, the scenario 
with heavy masses for the first two families emerges as a natural candidate. 

We have outlined the correlations occurring between K + —> 7r + vv and rare semilep- 
tonic FCNC B decays in supersymmetry. If the s —> dvv amplitude receives a sizeable 
supersymmetric enhancement, a substantial deviation from the SM should be observed 
either in b —> d£ + £~ or in b —> s£ + £~ transitions, especially in observables sensitive to the 
axial-current operator Q io, such as the lepton FB asymmetry. On the other hand, the 
smoking-gun for the scenario with new-physics in By-Bd mixing would be a firm experi¬ 
mental evidence of p < 0, independent from B(K + —> tt + uD) : obtainable for instance by 
means of B Ktt decays. 
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